The present study was conducted to appraise the efficiencies of polyurethane ethylene sorbent (PES) and vinyl acetate sorbent (VAS) for nickel (Ni) adsorption. Process variables, i.e. Ni(II) ions initial concentration, pH, contact time and adsorbent dosage were optimized by response surface methodology (RSM) approach. The Ni(II) adsorption was fitted to the kinetic models (pseudo-first-order and pseudo-secondorder) and adsorption isotherms (Freundlich and Langmuir). At optimum conditions of process variables, 171.99 mg/g (64.7%) and 388.08 mg/g (92.7%) Ni(II) was adsorbed onto PES and VAS, respectively. The RSM analysis revealed that maximum Ni(II) adsorption can be achieved at 299 mg/L Ni(II) ions initial concentration, 4.5 pH, 934 min contact time and 1.3 g adsorbent dosage levels for PES, whereas the optimum values for VAS were found to be 402 mg/L Ni(II) ions initial concentration, 4.6 pH, 881 min contact time and 1.2 g adsorbent dosage, respectively. The -OH and -C ¼ O-were involved in the Ni (II) adsorption onto PES and VAS adsorbents. At optimum levels, up to 53.67% and 80.0% Ni(II) was removed from chemical industry wastewater using PES and VAS, respectively, which suggest that PES and VAS could possibly be used for Ni(II) adsorption from industrial wastewater.
Nikel ). Ni exists in the form of Ni(II) sulfide, sulfate, carbonate, hydroxide, carboxylates, and halides and is commonly present the environment (Muthusamy et al. ) . In view of negative impact of Ni, EPA has set 0.20 mg/L of Ni in wastewater before being discharged into water bodies (Kurniawan et al. ) .
For Ni removal, a series of adsorbents have been evaluated for their efficiency. Table 1 shows Ni(II) adsorption capacities for various agriculture, fungal, modified and pretreated biomasses. The major advantages of sorption versus other treatment methods (Iqbal & Bhatti The footwear industries produced ∼25 billion shoes annually, which are non-degradable, become part of landfill and cause environmental pollution (Cheah et al. ) . The average composition of material used in shoes manufacturing includes polyurethane (17%), leather (25%), fabrics (6%), rubber (7%), poly vinyl chloride (8%), ethylene vinyl acetate (14%), thermoplastic rubber (16%) and other mixed minor parts (7%) (Staikos & In view of diverse nature of shoes composition, the present study was conducted to appraise the Ni(II) removal efficiencies of polyurethane ethylene sorbent (PES) and vinyl acetate sorbent (VAS). Process variables, i.e. Ni(II) ions initial concentration, pH, contact time and adsorbent dosage were optimized using response surface methodology (RSM) technique. The isotherm and kinetics models were applied to understand the adsorption nature.
MATERIALS AND METHODS

Chemicals
Analytical grade chemicals were used, i.e. NiSO 4 ·6H 2 O, HCl, NaOH were purchased from Merck and Ni(II) standard for AAS was purchased from Sigma-Aldrich.
Collection and preparation of adsorbent
The waste shoes were collected from market, Faisalabad, Pakistan, which were washed with water and after drying they were shredded into small pieces, ground and sieved through 0.30 mm sieve and stored in air tight plastic bags.
Solution preparation and adsorption experiment
To prepare Ni(II) stock solution, 1 M NiSO 4 ·6H 2 O solution was prepared and diluted as desired. For experiment runs, central composite design (CCD), a statistical design was used for design construction and factor (pH, initial concentration, contact time, adsorbent amount) runs each at five levels ( Table 2) . Equation (1) used to deduce relation between the uncoded and coded values of the factors.
where x i is the dimensionless coded value of the ith level of independent variables, X i is the real value of the independent variable, X 0 is the value of X i at the central point and Δx is the step change value. The behaviour of the system is defined by the empirical second-order polynomial equation (Equation (2)) was developed for the prediction of response.
where Y is the response; β 0, β i, β ii, β ij are constants of regression coefficients, X i and X j are representing codes of independent variables. The coded and real values of independent variables along with experimental runs are shown in Table 3 .
Analytical procedure
The residual Ni(II) concentration was estimated by AAS (A A 300). The Ni(II) percentage removal (R, %) and qe (mg/g) were estimated as shown in Equations (3) and (4), respectively.
where C 0 is the Ni(II) initial concentration (mg/L) and C is the concentration at time t (mg/L), V is volume of the solution (mL) and m is the adsorbent dosage (g).
FTIR study
The Fourier transform infrared spectroscopy (FTIR) of PES and VAS within the range of 500-4,000 cm À1 was performed for PES and VAS. Before analysis, the adsorbent was mixed with IR grade KBr (Shoukat et al. ).
RESULTS AND DISCUSSION
Model fitting and statistical analysis
The Ni(II) ions removal response are shown in Table 4 for PES and VAS adsorbents. PES Ni(II) adsorption was slightly higher than VAS, this slight difference might be due to different adsorbent nature. The polynomial relations for the adsorption of Ni(II) ions onto PES and VAS are shown in Equations (5) and (6), respectively. 
Initial metal concentration (X 1 ) 20 220 420 620 820 pH (X 2 ) 1 2.8 4.6 6.4 8.2
Contact time (X 3 ) 288 576 864 1,152 1,440
Sorbent amount (X 4 ) 0.1 0.6 1.1 1.6 2.1 Y(PES) ¼ 162:5 À 0:03970X 1 À22:91X 2 À0:07824X 3 À136:5X 4 þ 0:000211X 2 1 þ 2:545X 2 2 þ 0:00008321X 2 3 þ 76:06X 2 4 À0:0001950X 1 X 2 À0:00001266X 1 X 3 À0:05647X 1 X 4 À0:0009288X 2 X 3 þ 0:5931X 2 X 4 À0:05269X 3 X 4 þ ε
Y(VAS) ¼ 908:7 À 0:9438X 1 À145:6X 2 À0:9185X 3 À257:5X 4 þ 0:001309X 2 1 þ 16:43X 2 2 þ 0:0006434X 2 3 þ 168:1X 2 4 À0:01334X 1 X 2 þ 0:000007470X 1 X 3 À0:04393X 1 X 4 À0:002942X 2 X 3 þ 1:147X 2 X 4 À0:1655X 3 X 4 þ ε where, Y is adsorption, X 1 , X 2 , X 3 and X 4 are representing Ni(II) ions concentration, pH, contact time and adsorbent dosage, respectively and ε is the standard error. The significance of factor was estimated from F and P values of analysis of variance (ANOVA) ( Table 3 . From regression equation, it can be seen that X 1 , X 2 , X 2 X 3 and X 4 variables effects were significant. The first order (X 4 , X 3 , X 2 , X 1 ), two-way interaction and pure quadratic (X 4 , X 3 , X 2 , X 1 ) effects of independent variables were significant. The lack of fit values were also found to be significant for valid model. Figure 1 shows 
Effect of initial concentration
The Ni(II) adsorption as function of Ni(II) ions initial concentration was studied in the range of 20-820 mg/L and responses are shown in Figure 2 (a)-2(f). The Ni(II) ions initial concentration effect was significant and at low concentration, the Ni(II) adsorption was high, which reduced at higher initial concentration. Similar observations have been reported previously regarding effect of initial metal ions concentration for different adsorbents ( the availability of the functional groups and ability of functional groups to bind metal ions affect adsorption process and by changing concentration, the adsorption behaviour may change. It is reported that the surface binding sites become saturated at higher concentration and after saturation, more ions binding becomes difficult, so at higher initial ions concentration, the Ni(II) adsorption reduced at . At lower concentration, the ratio of metal ions to adsorbent was low and thus, adsorption was independent to initial concentration. At higher concentration, the competition between ions for adsorption at fixed binding sites increased and thus, more metal ions are adsorbed for constant adsorbent mass and after saturation of binding sites further adsorption became difficult. Moreover, the driving force to overcome the mass transfer resistance for the migration of the metal ion from bulk solution to the surface is also increased. However, per unit mass of adsorbent, the contact with more number of metal ions, which were saturated gradually and initial concentration beyond the limit restricted the adsorption (Johnson et al. ) . The interaction of concentration of Ni(II) ions with contact time and pH was insignificant, whereas interactive effect with sorbent dosage was significant.
Effect of pH
The pH effect was studied in the range of 1 resultantly, the adsorption was enhanced due interaction between opposite charges. Under highly acidic conditions, the functional groups were protonated and the adsorption was decreased. As the pH increased, the positive charge on surface was declined and attraction between metal ions and adsorbent increased. Under alkaline conditions, the precipitation was responsible for reduced adsorption process because the adsorption reduced to zero under slight basic condition. The pH effect (X 2 ) was significant for PES and VAS. The interaction of pH with Ni(II) ions initial concentration, contact time and adsorbent dose was insignificant.
Effect of contact time
The contact time (288-1,440 min) effect is shown in Figure 3 
Effect of adsorbent dose
The PES and VAS doses were studied in the range of 0.1 to 2.1(g) and responses are shown in combination with other variables in Figure 2 (e)-2(f) and Figure 3(c)-3(f) . The adsorbent dose (X 4 ) linear and square effects were significant. The maximum adsorption was achieved using 0.1 g absorbent and by increasing the dose, adsorption efficiency decreased.
Low adsorbent dose has more surface area, which accommodate more efficiently versus higher adsorbent dose and aggregate formation may reduce the adsorption because of blockage of binding sites ( 
Adsorption isotherms
The optimization of adsorption process requires an understanding of the driving forces that govern the interaction between adsorbate and the adsorbent. The Freundlich and Langmuir models were employed as shown in Equations (7) and (8) (Freundlich ; Langmuir ) .
where q e (mg/g) is the Ni(II) uptake, C (mg/L) is the equilibrium concentration and b (L/mg) is the Langmuir constant. q m (mg/g) is the maximum adsorption capacity and b is the adsorption affinity and k f (mg/g) and n (L/mg) are the Freundlich constants, which are related to the sorption capacity and intensity, respectively. For Ni(II) adsorption onto PES and VAS, Langmuir and Freundlich models have been applied. The R 2 value for Ni(II) ions removal using PES and VAS for Langmuir isotherm were 0.0610 and 0.4448 and for Freundlich isotherm these values were 0.8916 and 0.9834, respectively (Table 4 , Figure 4 ). The Freundlich isotherm fitted well the adsorption data of Ni(II) onto PES and VAS. The q max values (500 mg/g and 44.25 mg/g for Freundlich) and R 2 values indicate that Langmuir isotherm did not fit well to the adsorption data and Freundlich isotherm best explained the adsorption of Ni(II) onto PES and VAS, which indicates that Ni(II) adsorption occurred at specific homogeneous adsorption sites and intermolecular forces decrease rapidly with the distance from the adsorption surface (Asif Tahir et 
Kinetics of adsorption
The adsorption kinetic of a system is controlled by transfer of solute to the sorbent surface, transfer from the sorbent surface to the intra-particle active sites and retention on these active sites via sorption, complexation or intra-particle precipitation phenomena (Asif Tahir et (9) and (10), respectively, which have been frequently used to study the adsorption behaviour of pollutants ions as a function of contact time.
log (q e À q t ) ¼ log q e À k 1, ads t 2:303 (9)
where q e and q t are the adsorption capacity at equilibrium and at time t, respectively (mg/g), and k 1 is the rate coefficient of pseudo-first-order (L/min). The plot of log(q e -q t ) vs t gives a linear relationship and k 1 and q e was estimated from the slope and intercept of the plot, respectively. The k 2 is the rate coefficient of pseudo-second-order (g mg À1 min À1 ) and was estimated from the slope and intercept of plot ((t/q e ) and t). A relatively high R 2 value and q e from linear equation were used to select best kinetic model fit. The R 2 values of pseudo-first-order and pseudosecond-order kinetics were 0.4196, 0.7418 (for PES) and 0.949, 1.0 (VAS), respectively ( Figure 5) . These values indicate that Ni(II) adsorption followed pseudo-second-order kinetic model. The q e values also correlate well with the experimental value. Therefore, the pseudo-second-order kinetic model described best the experimental adsorption data versus pseudo-first-order kinetic model of Ni(II) adsorption onto PES and VAS.
FTIR studies
The functional groups on the adsorbent surface (loaded and un-loaded) were identified. In case of un-loaded PES, a broad and intense peak at 1,113.77 cm À1 indicates the C-N stretching, whereas peak at 1,385 cm À1 is assigned to C-O stretching. The peak at 1,636 cm À1 revealed the presence of C ¼ O group. The peak observed at 3,397 cm À1 was due to O-H stretching (alcohol/phenol) ( Table 5 ). In Ni(II) ions loaded PES, less intense peaks of C-N, C-O, C ¼ O and O-H groups were observed. The peak of C-N group was at 1,113.77 cm À1 before loading and shifted to 1,025.19 cm À1 after adsorption, whereas peak at 1,385 cm À1 shifted to 1,384 cm À1 and 1,636 cm À1 shifted at 1,634 cm À1 . The peak at 3,397 cm À1 (O-H) was shifted to 3,275 cm À1 in loaded PES. FTIR data revealed that C-N, C-O, C ¼ O and O-H groups were involved in the Ni(II) adsorption onto PES. Similarly, the FTIR spectral analysis of VAS of loaded and un-loaded was performed and responses are shown in Table 5 . The prominent peaks at 1,382 cm À1 (C-O stretching), 1,632 cm À1 (C ¼ O cm À1 stretching) and 3,400 cm À1 (O-H stretching) and Ni(II) loaded VAS FTIR revealed the peak shifted from 1,382 cm À1 to 1,384 cm À1 and 1,632 cm À1 to 1,635 cm À1 and the shifting of peaks revealed the involvement of functional group. Therefore, C-O, C ¼ O and O-H functional groups were involved in Ni(II) adsorption onto VAS.
Nickel removal from industrial wastewater
At optimized conditions, Ni(II) adsorption efficiency was checked from industrial wastewater. The effluents were collected from three chemical synthesizing industries, Faisalabad, Pakistan. For adsorption, pH 4.5, contact time 934 min, adsorbent dose 1.3 g for PES, whereas 4.6 pH, 881 min contact time and 1.2 g adsorbent dose for VAS were used for Ni(II) removal from effluents and up to 56%, 52% and 53% (average 53.67%) Ni(II) was adsorbed using PES, whereas VAS showed 79%, 81% and 80% (average 80.0%) Ni(II) adsorbed capacity ( Figure 6 ). As mentioned in Table 1 
CONCLUSIONS
Two types of shoes waste were investigated for Ni(II) adsorption capacities from simulated solution and effluents. For simulated solution, maximum Ni(II) was removed at Ni(II) ions initial concentration of 299 mg/L, pH 4.5, contact time 934 min, adsorbent dose 1.3 g using PES, whereas 402 mg/L, 4.6 pH, 881 min and 1.2 g adsorbent dose were found optimal in case of VAS. At optimized conditions, 171.99 mg/g (64.7%) and 388.08 mg/g (92.7%) Ni(II) was adsorbed onto PES and VAS, respectively. In the case of wastewater, up to 53.67% and 80.0% Ni(II) was removed using PES and VAS, respectively. These findings revealed that PES and VAS could be efficient adsorbent for Ni(II) sequestration from effluents and these adsorbents are also extendable to other heavy metals adsorption.
